2
We measured the running time of our algorithm implemented using MATLAB (The Mathworks, Inc., Natick, Mass.) respectively. To test whether Yeast 5 performs worse than the older models because it has more carbon source 7 uptake reactions (leading to more incorrect carbon sources to confound the prediction method), we performed SPOT 8 again after blocking the uptake of model-specific carbon sources, leaving 106 exchange reactions that are common 9 across all three models (see Additional file 7 for details). In other words, we updated the three yeast AC models so 10 that they all have the same set of 106 possible carbon source exchange reactions, which we call the AC common (All 11 possible common Carbon sources) model in the figure to distinguish it from the original AC model.
12
As shown in the AC common +SPOT case of the figure above, although the average correlation of Yeast 5 was 
6
This lemma can be proved by contradiction.
7
Let us assume that this statement is false. Then its negation, i.e. if optimizes (i.e. maximizes) problem 2, then 8 does not optimize problem 1, should be true. In other words, we assume that another vector exists such that 9 where .
10
Let , then = .
11
Substituting into the term on the left side of the inequality above gives .
In addition, since optimizes problem 2 by assumption, . Note that no optimal solution to problem 2 has 1 1 because is a non-negative vector and we assume that (for otherwise, the problem is trivial). Thus, 2 if 1, the objective of problem 2 can always be increased by scaling up until . Hence .
3
The right side of the inequality, thus, is equal to . Therefore,
4
where 5
This contradicts our assumption that is a vector that optimizes problem 2. Since the negation is impossible (false),
6
the original statement is true. Note that the lemma is still valid if the number used to limit in problem 2 is any 7 constant . where has dimension , and is a stoichiometric matrix.
4
Lemma. If the optimal value of the SPOT problem is strictly positive, then its solution is unique.
5
Proof.
Step 1. First we prove that . If then for sufficiently small satisfies
6
(and the other constraints) and 7 because , contradicting the maximality of .
8
Step 2. Because of the maximality of , the affine plane is a supporting plane for the convex set 
13
The average correlation of standard FBA in Table 3 was calculated using solutions obtained in Step 1 under our 14 computational settings (see Methods in the main manuscript for the detailed settings).
Step 2 allows us to find a 15 metabolic flux distribution which achieves theoretically maximal or minimal correlation with the measured fluxes
16
while maintaining the optimal biomass flux, denoted as here. The nonlinear optimization problem in Step 2 was 17 solved using the sequential quadratic programming (SQP) algorithm provided by the MATLAB function fmincon.
18
Importantly, the maximum possible correlation can be calculated only when we already have the known measured 19 flux datasets. There is no way to force each method to produce a metabolic flux distribution which achieves the best 20 correlation with the measured fluxes. Our methods were developed during the process of finding that way and of
21
rigorously testing various strategies.
22
In the same way, the lower and upper bound of correlations of E-Flux can be calculated as follows: 23
14
Step 1. E-Flux
Step 2. calculation of the possible range of correlation 
